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INTRODUCTION 
In the very earliest instances of recorded history, man has shown 
an awareness of the orderly organization of the physical. universe. There 
is evidence that the Egyptians bad observed the regul.ar motions of the 
celestial bodies as far back as 3590 B. c., and were able to predict 
quite accurately the occurenee of phenomena such as eclipses of the sun. 
The Babylonians and Sumerians, as well as the Egyptians, were well ad-
vanced in the art of astronOlllY and the practice of primitive geometry. 
By means of simple quadrant forms and sighting sticks, they often na-
vigated successfully out of sight of land. Certainly this indicated 
appreciation and confidence in the systematic design of natural. 
events. Except for the practical applications of navigation and as-
trology, there is l1 ttle to suggest that these cultures made effort to 
generalize their observations and data for the purpose of a broader 
understanding of the things around them. On the other hand, the ci vi-
lization of ancient Greece produced a truly remarkable body of enquiry 
and philosophy dealing with many aspects of the physical universe. 
While the Greeks contributed profoundly to later science in the for-
mulation of the basic discipline of logic, they disdained the methods 
of experiment and observation. Unfortunately this often resulted in 
conclusions which were at once extravagant and absurd since they were 
dissociated from ordinary reality. Essentially, human experience has 
demonstrated that theoretical considerations when conjoined with~ 
pirical facts have greater significance and value. 
ii 
During the Middle Ages, the suffocating atmosphere of superstition 
and dogmatic religious doctrine permitted little opportunity tor the 
growth of scientific thoUght. There were, however, beginnings, some 
rather curious treatises on the subjeat of physical science. Among 
these is the not'able work of the Catholic theologian and philosopher St. 
1 
Thomas of Acquinas • Although his thesis proceeds tram religious hypo-
thesies, it is scientific in the sense of the times. In his cosmol.ogy, 
st. Thomas describes a universe in which the world is supported w1 thin 
concentric shells of "aether, air, and tire•. This is interesting in 
view of later emphasis on pervading media. 
Perhaps the first approach to a completel.y mechanical explanation 
ot the universe was attempted by the French mathematician Descartes in 
the first half of the seventeenth centu_~. His exposition soUght to es-
tablish a system of celestial dynamics which was consistent with recor-
ded data, was self-consistent, and had no recourse to undetel'Illinable 
infl.uences. Descartes postulated a "plenum" in which the heave~ bo-
dies were immersed. He further ascribed vortices of various dimension.s 
to the "plenum" which maintained the various stars and planets. and go-
verned their positions and motions in space. Although this theo:ry 
suffered from inescapable error, as Newton demonstrated some years la-
tar, the introduction of a substantial medium in space, the "plenum", 
is worthy of note. 
The significance and val.ue of the work of Newton is tar beyond 
estimate. His achievements in syntheSizing the discoveries of Galil.eo, 
iii 
Kepler, and o,thers into :fundamental. laws prepared the way tor tremen-
dous scientific and technological devel~ent in many fields. The 
three laws of Newtonian mechanics holi.d w1 th great precision over a vast 
range o:f pl:ly'sieal phenomena; they are familiar to every student of 
physics. The essence ot the •aether-drift" contention involves a baSic 
asswnptiEm made by Newton. For a frame of reference in uniform, rec-
tilinear motion, these laws are found valid. I:f', however, the motion 
of the :frame of reference is not uniform, or not rectilinear, there 
are present other forces in addition to those impressed. The so-
called centripetal, or centrifugal, :forces are a device which restore 
the validity o:f' the second law for all cases. In order to justify' this 
invention, Newton ingeniously asswned the existence o:f' an absolute 
space, relating these forces to the acceleration o:f' the frame of reference 
with respect to this fixed space. The properties o:f' this space are de-
fined by Newton as: • ••• without reference to anything external, al..-
wa:ys similar, and immovable."" With the additional hypothesis o:f' 8J:!. ab-
solute and fixed t~e rate, Newtonian mechanics provided a consistent, 
comprehensive set of principles which have a continuing, practical use-
f'ulness. 
During the early part o:f' the nineteenth century, the successf'ul 
applications of' the principles of Newtonian mechanics prompted a trend 
toward the e~lanation o:f all foxms of' natural phenomena in mechanical 
terms. It soon became apparent that the electrical properties of' mat-
ter required a different theoretical. approach. Generalizing the ex-
iv 
perimental research of Faraday, Ampere, and others, Maxvvell _developed 
the field theory to encompass the domain of electromagnetics. Maxwell 
was also led to hypothesize the existence of an absolute medium, the 
luminiferous ether, to account for the transmission of electromagnetic 
waves through empty space. While Newtonian mechanics and the electro-
magnetic field theory are not directly related, the luminiferous ether 
and absolute space share similar properties, and have frequently been 
identified together. 
Not the least advantage of the widespread expansion of industry in 
the nineteenth century was the refinement in technology. The instru-
mentation and tools became available to explore hitherto inaccessible 
areas of investigation, to develope and broaden modern, experimentaL 
science. It was only natural that greater emphasis should be placed 
on the work of the laboratory. The philosophy that a theory was war-
ranted only if it could be confirmed by experiment was lent more sub-
stance. Serious question was raised as to the meaningfulness of the hy-
pothesies on which Newtonian mechanics was based. Since it was ma.ni-
featly impossible to deter.mine the absolute motion of the earth by me-
chanical means, it was also impossible to verity directly the existence 
3 
of absolute space. Ernst Maeh suggested that a less debatable hypo-
thesis be sought. 
Scientists addressed themselves to the task of detecting the abso-
lute motion of the earth in terms of an ether •drift" effect caused by 
the earth's passage through the fixed ether. It was desired to prove 
v 
that under certain electrodynamic conditions, observable variations 
would be produced in the apparatus which could be directly attributed 
4 
to the ether "wind"'. The Fizeau experiment on the propagation velo-
city of ~ight in floWing water gave results which were interpreted as 
confir.ming the fixed ether theor,r. (It was shown later that these re-
5 
sults were explained equally well by relativity.) Trouton and Noble 
suspended a charged condenser by a delicate quartz fiber in such a man-
ner that the torque due to the earth's translatory motion would cause a 
shift in the position of the plates to bring them parallel to the ether 
"wind •. .AlthoUgh no torque was observed, the experiment was judged in-
conclusive on the basis that unknown properties of the medium were in-
6 
volved. In 1868, Maxwell proposed , a method whereby the velocity of 
light in paths parallel and perpendicular to the ether flow could be 
utilized to determine the magnitude and direction the ether "'drift•. He 
considered an actual experiment unfeasible because of the infinitesimal 
difference that would p,revail. 1{ith the invention of the interferometer, 
1lichelson realized at once that his instrument was of sufficient sensi-
ti vi ty to undertake the experiment suggested by :Maxwell. In 1887, the 
7 
results of the noted Michelson-t.1orley experiment testing the ether by-
pothesis were published. 
With the interferometer which 1~ehelson and Morley constructed in 
Cleveland, Ohio, it was anticipated that the orbital velocity of the 
earth was the principal component of the earth's motion, and would mani-
fest itself as an ether-drift producing fringe displacements on the or-
vi 
der of 0.04 of a fringe Width. In addition, it was desired that the re-
resultant motion of the earth be determined and compared to that obtained 
8 
from the calculations of astronomy. In their published report ~lichelson 
and Morley indicated that readings in the range 0.004 to 0.015 were re-
corded, and were not of the expected periodicity. Inasmuch as the 
experiment had yielded results about one-tenth the magnitude of those 
calculated, it was widely accepted as conclusive proof of the non-
existence of the absolute medium, and the reduced readings obtained 
were credited to imprecision of the instrument. It is also generally 
assumed that Einstemn was led to for.mulate the theory of relativity 
on the basis of a null result, among other considerations. 
Upon examination of the ether-drift experiment, it becomes appar-
ent that three broad conclusions may be drawn: 
1. The ether existed, but did not manifest ether-drift. 
2. It proved the non-existence of ether. 
3. The ether existed, but had not been correctly 
remarked by the experiment. 
The first conclusion excites much less interest than the other 
two, and does not give any comfort to the proponents of verifiable hy-
pothesies. It further implies the viewpoint expressed by the late Sir 
9 
Oliver Lodge: 
"Ether is not to be explained in ter.ms of matter, 
yet it must have properties of inertia and elas-
ticity because it carries waves ••• an imponderable 
media with imponderable properties ••• " 
This presents an ether of somewhat mystical quality, and being 
vii 
imponderable is obviously incompatible with the dictum ot modern, ex-
pertmental science which requires specifically that the ether must have 
properties which ma y be proved experimental.l.y in order to justify the 
theory of absolute media. 
The second conclusion is incorporated in the theory of relativity 
where the principle of an absolute, reterential space is abandoned. In 
10 
this re~ect the objection raised by Mach and others is largely sa-
tistied. Furthermore, the passage of time and substantiating e:xperi-
mental work have demonstrated the signiticance and value ot the theory 
ot relativity. 
Scientists holding to the third conclusion, in many cases, pro-
ceeded to investigation with improved apparatus and enlarged pertor-
manoa ot the interferometer experiment. Their purpose was to retina 
the precision ot the observations, and to make variations in the e:x:-
pertment such as to reveal a detinite indication ot the ether-dritt 
etteet. These later experiments are singularly notable tor ingenious 
variation, technical accomplishment, and patient devotion to the task 
ot extensive observations. With the exception of Miller and Morley, 
who reported a positive ettect, the experimenters concurred in inter-
preting their individual results as proving the non-existence ot ether. 
The vi tal nature ot the work of Miller and Morley may well be 
judged tram the volume of discussion which has appeared in scientitic 
journals, and the considerable controversy which it aroused. In the 
ll 
comprehensive paper that Miller issued detailing his and Morley's 
viii 
work, he describes the different apparati used, the precautions taken 
to assure minimum extraneous influences, the series of experiments made 
at several locations during all seasons, and the methods of analysis 
and evaluation covering a period of about thirty years. OVer two hun-
dred thousand individual readings te~tity to the diligence with Which 
this work was pursued. On the basis that the Michelson-Morley obser-
vations did not indicate a null effect, and that a pre-conceived re-
sul.tant motion of the earth was assumed, Miller concludes from his own 
data that a positive ether-drift exists, and interprets it to show a 
resultant motion of the earth toward a point in the constellation 
12 
Dorado with a velocity of approximately 208 kilometers a second 
• 
Furthermore, he finds that this conclusion is essentially' in agreement 
1.3 
with the original readings o;f Michelson and Morley • 
Despite the searching inquiry which has been directed upon the ex-
periment and conclusion of Miller and Morley, there has been published 
to date, no complete refutation of their work, no concrete example of 
error, nor any adequate explanation of the results obtained. Of the many 
possible explanations which have been advanced, either in support or op-
position, none have been able to modify the ether theory, or show evi-
dence that other than an ether-drift effect would satisfY the data. 
Although the theory of relativity is now well established, and conven-
tional astronomical observations are at variance with Millerts findings, 
his work has never been completely rebutted and remains an unsolved 
riddle of science. 
ix 
14 
In a paper entitled: ~suse of the Theory of Errors•, which was 
delivered informally at a university colloqui:ul, Dr. s. A. Goudsmit 
makes some extremely pertinent criticism of the exceptional use of sta-
tistics. This paper was inspired by objections to the methods and com-
putations of Miller in deriving a positive ether-drift as may be noted 
by the fact that Dr. Goudsmit opens with this quotation from Miller: 
•rt is believed that any lack of precision in making a single reading 
15 
is fully compensated by ~he large number of readings" 
• 'Ihe in-
terence is clearly drawn that Miller's results are wholly beyond the 
precision of his apparatus and the readings from which his calcula-
tions are made do not represent the effects of ether-drift at all. 
16 
Goudsmit illustrates this point by an anecdote creditted to the astro-
nomer Kapteyn, in which: 
• ••• it was possible to obtain the height of the 
emperor of China within l/1000 of an inch by 
merely asking the 400,000,000 inhabitants of 
that country to estimate his height and to 
apply the usual for.mula for the probable error 
to the results.• 
17 
Goudsmit notes further • • 
•The common criticism is that the mean value 
obtained in this manner has nothing to do 
with the height of the emperor and that the 
probable error only indicates that another 
census has a 50% chance to yield the same 
answer within this error.• 
18 
In a letter to the author , Dr. Goudsmi t was killd enough to elaborate 
upon these contentions. He explains how he was led to suspect the 
soundness of Miller's analysis by the number of corrective factors and 
unusual use of statistics which Miller employed. Going a step further, 
X 
Dr. Goudsmit describes how he extracted a set of unrelated numbers from 
Kohler's logarithm tables and processed them by a running average to yield 
19 
a smooth curve which appears quite similar to Figure 22 of Miller's 
published report. 
The implications offered by Dr. Gouds.mi t' s trial with random numbers 
suggest an interesting, reasonable explanation of Miller's ether-drift ex-
perimant. The author proposes to take a set of numbers compiled from an 
ostensibly random source >Vhich is obviously unrelated to ether-drift and 
not consciously designed to produce an ordered assembly. These figures 
are to be set up in a synthetic ether-drift experiment and processed by 
the same methods and for.mulas used by M~iller on his readings. Should this 
yield a group of •observations• that might be interpreted as the velocity of 
the earth in space, and the results so obtained appear to be sensible and 
consistent, then it will show that it was likely that the observations re-
corded from Miller's interferometer telescope were not more than random 
readings of the minute variation of the interference fringes due to unde-
tected disturbances of the apparatus. In other words, if Y~ller's observa-
tions were those of a random number source, then~ other source of random 
numbers should produce results not less consistent than ~liller's. 
It vrill be the purpose of this thesis to examine in some detail 
the background and other aspects of the ether-drift problem. Finally, 
a synthetic ether-drift experiment will be recorded in detail to deter-
mine ·if the use of random numbers will yield credible values and consis-
tency comparable with Miller's results. 
l 
TEE THEORY .AND THE INTERF..ilmOMETER OF 'IHE ETEER-DRIET EXi?ERIIvlE!.ilT 
Accordillg to the theory developed by Fresnel, l.ight is a vibratory 
motion propagated in a purely mechanical manner through a medium de-
scribed as luminiferous ether. The ether is postulated to be at rest 
in free space and in opaque bodies. lvJ.aXWell' s electromagnetic theory of 
light further defines the vibratory motion as waves. Being a wave mo-
tion, light displays the property of interference. By arrangement of a 
few simple, optical cbmponents, as in Michelson's interferometer, an in-
terference pattern may be obtained which can be utilized to give ex-
tremely accurate measures of iength. FurtheDmOre, it is possible to de-
termine disturbances in the system, such as a change in the velocity of 
light, in terms of interference fringes to values of the order of a 
fraction of a wavelength. 
On the following pages the basic structure of the ether-drift in-
terferometer is described. Figure 1 shows a simplified diagram. At po-
si tiona M and M are placed surface mirrors which need to be near-per-
1 2 
feet pJ.anes to avoid confusing aberrations. The half-silvered mirror 
at A and the compensating glass at B are of identical thickness and free 
from optical flaws in addition to being truly plane-parallel surfaces. 
A light source is indicated at the position s. Observations are made at 
0 where a telescope is placed for enlargement of the images. Finally 
note that an arrow is shol~ to represent the resultant motion of the 
earth in the plane of the interferometer. 
As can be seen, light from source S is divided into perpendicular 
paths; one-half the beam being transmitted directly, and the other 
half being reflected. Upon being reflected by mirror M , the beam 
1 
travels back to the mirrored surface at A and is reflected to the 
observer. The second half of the split beam passes through the cam-
pensating glass at B, which serves to make the optical paths equal, 
and is reflected from mirror M back through the compensating glass 
2 
and the half-silvered mirror to the observer. Through his telescope 
the observer sees a system of light and dark fringes due to the in-
terference o~ the .light beams. In practice the angle of one of the 
mirrors is adjusted to select a suitable width of fringe. 
Assuming that the velocity of the resultant motion cf the earth 
2 
in space is now exactly parallel to one of the light beams, this beam 
will be moving parallel to the ether flow with a velocity c, ru1d will 
require a time t to cover the distance L back and forth. 
1 l 
.;. 
cfV 
Expanding this e:x:prossion in a binomial series and dropping terms of 
higher order than the second yields: 
= 
The other light beam finds itself moving transverse to the ether 
flow with a velocity c, and the time t required for it to travel back 
2 
and forth along the light path L is as follows: 
. 2 
3 
= 
c 
A simple diagram showing the resolution of these velocities is given 
in Figure 2. 
If t he paths L and L are equal and taken as L, the difference 
in time is: 
1 2 
2 
LV 
7 
Of course the observer will see no change in t he fringes providing t here 
are no disturbances of the instrument. If, however, the instr~illnt is 
rotated so that the paths L and L are interchanged, then there would 
1 2 
be a displacement of the fringes during rotation. The shift in the 
fringes is related to the difference in time by the following: 
.A.tn : 4t : Lv2 
;- Ac2 
where: c : ::ln 
and t he S,1mbols refer to the characteristics of t he light: 
c 111 velocity 
;L : wavelength 
n : frequency 
and: T : ! : the period of the vibration. 
n 
If the direction of the eart h's resultant motion i s not precon-
ceived, it is necessa~J that the apparatus be made completely rotable, 
and that reading be trucen at several points. A maximum fringe displace-
ment will occur when an arm is parallel to the velocity V. Rotating 
\..I ,_, 
t: 
.... 
v 
5 
the apparatus 90 degrees from this point produces a maxi mnm displace-
ment in the opposite direction. It is evident that only the magnitude 
of the ether-drift is found by means of the experiment since there is 
no reason to prefer either direction in the line of mazimum displace-
ment. 
It is also apparent from the equations that the sensitivity of 
the interferometer may be increased by extending the light paths or 
by decreasing the wavelength of the light source to give greater dis-
placement of the fringes. There are a number of complicated problems 
of engineering involved which limit the length of the interferometer 
ar.ms. In fact, a survey of the literature of the ether-drift experiments 
reveals an impressive array of untoward influences which operate to dis-
turb the settings, and make tedious, pains-taking preparations necessary 
for successful performance of the experiment. Several of the experi-
menters recorded the fringe displacements photographically, and examined 
the observations on a comparator. Others permitted an observer to walk 
around a circle vdth his eye to the telescope and call out the position 
• of a fiduciary as certain azimuth points were passed. Figure 3 shows a 
sketch of the original interferometer used by Michelson in l88l. 
In order to complete this presentation of the theory, it might be 
well to express the resultant velocity of the earth in terms of known 
components. This is essentially an exercise in geometry involving the 
methods of general astronomy for locating position. The exposition 
2 
given herewith is due to Kennedy • 
6 
Figure 3. 'D:le Interferometer Used by Michelson. in. 1881. 
? 
The resultant velocity of the earth in space consists of three 
components referred to the point on the earth's surface where the ex-
peri.ment is conducted. These components are: the circumferential 
velocity, the orbital velocity, and the velocity of the entire solar 
system as it moves through space. As may be seen from the equation 
below, the resultant velocity is a function of the terrestial latitude, 
the immediate time of day, and the season of the year. 
v2 
-
v2 1- v2 .;. 2v v sin(Q - wl} 1- ~ - 0 l a 1 1 
.;. 2v v sin(Q -b 2 2 w2) .;. 2v v cos(Q -1 2 1 Q2} 
where: v = constant velocity of the sun 0 
v = orbital velocity of the earth 1 
v 
-
circumferential velocity of the earth 
2 - referred to latitude 
v : projection of v on the orbital plane 
a o 
v : projection ot v on the equatorial plane 
b 0 
The angles Ql and Q2 are chosen to represent the position of the earth 
in its orbit as oriented to t he fixed stars. Ql is the angle between 
the projection of v0 on the orbital plane, va , and a direction deter-
mined by w1 which is that direction selected to make Ql zero for a given 
point in the earth's orbit. Q2 is the angle between the projection of 
v
0 
on the equatorial plane, va, and a direction determined by w2 which 
is so chosen that Ql is zero tor a given time of day. 
8 
Summing up, the electrodynamic nature of light, specifically the 
phenomenon of interference, pennits the use of an interferometer de-
vice to co~are the velocity of a light beam parallel to the assumed 
ether flow against the velocity of a similar light beam transverse to 
the assumed ether flow. By means of simple calculation, the resultant 
absolute motion of the earth in space may be deduced from the fringe 
displacements given by changing the orientation of the interferometer 
instrument. 
10 
5 
Carvello contended that the apparent ether-dri~t was really the Esclan-
gon ef~ect which is zero when the mirror is parallel or perpendicular, 
and maximum when the mirror is at an angle o~ ~orty-~i ve degrees to the 
velocity. On the hypothesis that radiant sources give energy only on 
6 
encountering material bodies, Sesmat argued that the time of trans-
mission must be reckoned not by a straight line, but by the. curve of 
? 
pursuit. These considerations are negligible according to Kennedy who 
demonstrates by the proper use of the Huygens' principle that they in-
volve powers of the secondary effect greater than the third. Many 
interesting treatises appeared in the scientific journals offering va-
rious proofs qualifying the several ether-drift experiments. T.he Fitz-
Gerald contraction and the Lar.mor-Lorentz change of clock rate operated 
to defeat the experiment, or modify it according to the writer's vievJ-
8 
point. Ives , for example, presented a proof that the consequences of 
the FitzGerald and Lar.mor-Lorentz changes prevented any possible detec-
tion of the absolute motion of the earth throUgh the ether. Corrobo-
9 
rating this argument, Von Gleich worked out a mathematical solution 
of the Loren·tz formula showing that the ether-drift e~fect would be ex-
tremely small in any case. Contrary to Ives' and Von Gleich's conten-
10 
tions, Baumgartt sought to disprove the necessity of considering the 
Lorentz contraction at all. 
To those accepting the ether-drift experiments as productive of 
interpretive results, the problem was either to reduce those results to 
explanations in terms of extant theories, or to formulate theories which 
ll 
would encompass the domain of known fact with the contradictory aspects 
11 
of the new. Veronnet attempted to formulate a new electromagnetic the-
o~~ in ter.ms of an ether composed of sub-electronic particles. Although 
nuclear studies have since revealed the existence of additional entities 
in the world of electrons, no attempt has yet been made to extend the 
idea of a microscopic ether on this basis. Another approach was offered 
12 
by Ives ; He proposed a set of axioms to replace those of relativity. 
13 
Dingle , however, showed that the axioms of Ives did not improve on the 
relativity theory explanation of the Michelson-Morley experiment, and 
failed entirely to account for the Kennedy-Thorndike experLment. Of all 
the interpretations of the ether-drift experiments, that incorporated 
in the special theory of relativity, which infers a null experiment, has 
gained widest currency and almost universal acceptance. 
THE EXPERIMENTS 
1 
Michelson and Morley 
12 
The original experiments using the interferometer to detect a 
possible ether-drift were performed by Michelson in Berlin and in Pots-
dam. A relatively simple arrangement comprising two ar.ms, each 120 cen-
timeters in length and at right angles to each other, on which were 
mounted the interferometer components, vias used. By rotating the appa-
ratus about a centering stand, the telescope arm could be directed to 
different azimuths. As reported by Michelson in 1881, the observed dis-
placements which varied from 0.004 to 0.015 of a fringe Width were sub-
stantially less than o.04 of a fringe width displacement expected from 
the orbital motion of the earth through a stationary ether. 
Some six years later, 1lichelson in collaboration with ~~rley as-
sembled at Cleveland a more elaborate for.m of the interferometer which 
permitted observations to be made during rotation. A base of sandstone 
vms floated in a circular tank containing mercury, and the interfere-
meter components were mounted on the sandstone. By means of a multiple 
reflection, the effective length of the interferometer ar.m was approxi-
mately 1100 centimeters. As a result, the sensitivity was tenfold that 
of ulichelson's original instrument. 
In 1887 Michelson and Morley performed the well-knovm. experiment 
that bears their name. Six groups of readings each consisting of thirty-
six turns of the interferometer with observations made at sixteen equi-
distant azimuth points and requiring about one hour to complete were 
13 
made. From July 8 to July 12, three groups were made at noon when the or-
bital velocity, of about 30 km. per second, of the earth was in the plane 
of the interferometer, and three groups were made at 6 p.m. when the orbi-
tal velocity of the earth was perpendicular to the plane of the interfere-
meter. 
It was expected that the displacement would be of the order of 
0.4 of a fringe width due to the orbital motion of the earth through a 
stationaxy ether. Further.more the experiment was designed to indicate 
the ether-drif't ef'fect of' the earth's motion toward a point in space de-
term.ined by astronomical observation and calculation. Although the sen-
sitivity of the apparatus was such that the expected f'ringe displace-
ments would have been readily discernible, Michelson and Morley reported 
in 1887 that the ether-drif't toward a fixed point in space was not con-
firmed, and that if the observed f'ringe displacements were attributed to 
ether-drift, then the relative motion of the earth and ether were less 
than one-fourth of the orbital velocity of' the earth. 
2 
Miller and Morley 
Of all the ether-drif't experiments reported, that conducted by 
Miller and Morley concludes that there is a positive ether-drift. 
T.he f'irst instrument was constructed of' white pine with a light 
path of about 430 centimeters. Due to the unsatisfactory nature of' the 
base material, this structure was abandoned in f'avor of a steel inter-
f'erometer completed in 1904. Rotation was made possible by mounting 
the steel cross-members on a wood f'loat in a mercury-f'illed trough. 
T.he light path was extended to 6406 by multiple reflection. ~'iith ex-
ception of a few minor modifications, this apparatus was the one used 
for the entire program of experiments by Miller and Morley. 
During the period 1902 to 1925, observations were made at several 
locations in the United States. A comprehensive study was made of inci-
dental conditions and possible disturbing influences. Over a quarter 
of a million individual readings were taken in the course of this work. 
The final experiment performed by Miller at Mount Wilson Observatory in 
1925-1926 following the death of Professor Morley, is reported by Miller 
as confirming a positive ether-drift and correcting discrepancies of 
previous experiments. 
Relying on the accumulation of mass data to reduce the error in the 
minute effect noted, Miller concludes that the absolute motion of the 
earth is observed to by ten to eleven kilometers per second. By calcu-
lation from observations made during the four epochs of the year Miller 
derives an apex of the absolute motion of the solar system to be in the 
constellation Dorado with a right ascension of 4 hours and 54 minutes, 
and a declination of -70° 331 • He further concludes that the cosmic 
velocity of the sun toward this point is of the order of 208 kilometers 
per second. The probable error is given as 0.33 kilometers per second 
of velocity and 0.5 in right ascension and declination. 
3 
Kennedy and Thorndike 
This experiment is noteworthy for the technical improvements made 
in the interferometer. Fused quartz was used for the arm structure be-
cause of its extremely small coefficient of expansion. In addition, the 
apparatus was under an evacuated dome in a constant temperature base-
ment to defeat thermal disturbances. The temperature of the apparatus 
was held constant to within ,to.ool degrees centigrade. 
A slight Doppler effect noted in the ordinary type mercury vapor 
lamp dictated the use of an unsaturated mercury source activated without 
electrodes. The effective light path was 318 millimeters. Circular 
fringes of the 5461 mercury line were recorded by means of specially 
treated photographic plates, and displacement appeared as a change in 
diameter of the fringes. To deter.mine the displacement, half plates 
of succeeding readings were placed in a micrometer comparator. Probable 
error was estimated to be of the order of 0.001 fringe. 
Kennedy and Thorndike reported a resultant velocity of lOtlO kilo-
meters per second for the solar system. However, the equatorial com-
ponent of this velocity had direction 123 degrees awa:y from that which 
would agree with calculations. In view of the relative velocities of 
thousands of kilometers per second observed by astronomers, they express 
doubt that their data represents a velocity. 
4 
Illingworth 
Further investigation was carried out by Illingworth using Kennedy's 
refinements. This apparatus vias sealed in helium in a temperature con-
stant basement. A step of one twentieth of a wavelength in one of the 
mirrors providing out of phase fringes made for greatly increased reading 
sensitivity. 
Results showed the ether-drift to be one kilometer per second vdth 
a probable error slightly larger than this value. Illingworth main-
tained that this result could not be properly interpreted as a true ve-
locity. 
5 
Joos 
In a cellar of the Zeiss works at Jena, Joos with a quartz arm of 
21 centimeters, sodium light, and photographic recording repeated the 
ether-drift experiment. He interpreted his results to show that the ve-
locity of the earth with respect to the ether cannot be greater than 1.5 
kilometers per second. 
6 
Piccard and Stahel 
The interferometer instrument and an automatic device for photo-
graphing fringe displacements was mounted in the basket of a free balloon 
by Piccard and Stahel. Their purpose was to test the effect of various 
elevations upon the ethe:L'-drift. They reported their results as a null 
experiment. 
1? 
An Experiment With Random Numbers 
In keeping with Dr. Goudsmit's suggestion that it may be possible 
to produce a set of synthetic curves which can give results as consis-
tent as those of :Miller, an experiment using random numbers has been 
set up. It was first necessary to find a suitable source of random 
numbers, or at least purported to be random in that no conscious order 
or any notable sequence existed. For this the telephone directory of 
the Lynn, Massachusetts area served admirably. Listings are, of course, 
alphabetical, each having a four digit figure; there is no apparent se-
quence since the numbers are assigned by street residence, which obvi-
ously bears no relation to the owner's name. As a further precaution, 
only the last two digits of the four digit number were used. Random. 
number curves were to be plotted against sidereal time in sets of four. 
The epochs designated by Feb. 8, Apr. l, Aug.l, and Sept. 15 were to be 
assumed as corresponding to the first, second, third, and fourth c.urves 
drawn respectively. A first trial was to be made considering velocity 
only. If this produced evidence of consistency, further trials were to 
be made relating velocity and azimuth. 
From common practical astronomy, the symbols f , o<. , and -e-are taken 
to designate declination, right ascension, and sidereal time respectively. 
An explanation is to be found in Appendix III. 
From the nature of the ether-drift experiment the following is 
true: If f>90 - f, there will occur a single maximum and a single mini-
mum of velocity separated by twelve Sidereal hours. If r < 90 - f, there 
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will occur two maxima and two minima of velocity with a separation of 
six sidereal hours between each. If f= 90 - ~' the maxima coalesce, and 
two minima of velocity appear. Here r refers to the declination of the 
apex of absolute motion, and f is the latitude in degrees of the location 
of the experiment. 
Initial Run 
In the set of graphs numbered I to IV, t wenty-seven equally spaced 
points were plotted as velocity magnitude against sidereal time. Single 
successive two-figure entries from the telephone directory were used for 
each point. As can be seen, the curves vary erratically attesting the 
randomness of the points connected by the blue line. a simple running 
average was plotted graphically, and is shown in red. Data for these 
curves is given o.p. the following page. Tabulation of maxima, minima 
and sidereal time is also shown. 
There is very little evidence here of correlation or consistency;. 
however, the dispersion of the points is very great, but the running 
average curve indicates further possibilities in averaging. 
Tabulation of Graphs I - IV 
Velocity vs Sidereal Time 
Graph :tvla:x:. e 
max 
I 86 l3h 30m 
II 88 23 30 
III 87 23 30 
IV 62 9 30 
Min. 6 
min 
6 17h 30m 
21 1 30 
26 8 30 
32 19 30 
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Data For Graphs of l4agnitude 
Graph I Gra:ph U Graph III Graph IV 
Sidereal. Time Velocity Velocity Velocity Velocity 
24 48 2JL 87 8 
0 5J. 62 86 38 
1 11 20 53 70 
2 32 23 81 35 
3 28 "14 38 45 
4 61 'i'3 18 58 
5 68 47 &7 31 
6 51 4Q, 70 72 
7 23 87 36 37 
8 43 52 17 44 
9 31 33 53 36 
10 87 44 52 86 
11 24 65 49 28 
12 62 54 67 44 
13 78 80 42 26 
14 94 38 20 6:7 
15 35 36 64 45 
16 49 41 22 47 
17 19 10 70 60 
18 2 64 30 48 
19 74 47 28 ~4 
20 39 92 50 49 
21 70 34 47 20 
22 72 87 50 60 
23 67 84 73 40 
24 26 92 42 46 
0 66 43 22 68 
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Second Run 
A second set of four graphs IA throUgh IVA was drawn. This time 
~venty-seven points were again used, but each point was the average of 
two successive entries in the list of random numbers. These are indi-
cated by a blue line. A simple running average was again provided 
graphically, indicated by a red line. Inasmuch as the graphs IA 
through IVA showed little improvement over the graphs I through IV, 
there seemed to be no advantage in attempting to establish ether-drift 
from them. It is apparent that these curves bear little resemblance to 
the curves presented by Miller. Since each of the points of his curves 
represent the average of many observations, perhaps the process of 
. averaging should proceed further. 
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'Ihird Run 
As a final trial it was decided to imitate as closely as possible 
the character of Miller's curves for Mount ~Vilson. To this end the 
Graph IB was designated for Feb. 8, and featured 22 points for the up-
per curve for velocity, and 20 points for the lower curve for azimuth 
as in Miller's curve for that date. Similarly Graph IIB, Aug. 1, shows 
18 points for velocity, and 21 points for azimuth. Graph IIIB, Apr. 1, 
has 11 points for velocity, 12 points for azimuth. Graph IVB, Sap. 15, 
has 18 points for velocity, and 21 points for azimuth. This duplicates 
the number of heavy points for each of these curves for the correspond-
ing dates of :Miller's plots. 
Eaeh point of Graphs IB throUgh !VB was obtained by averaging ten 
successive random numbers taken from the entries of the telephone dir-
ectory. The groups of ten follow successively down the page, and when 
a page has been completed, the four or five follo\nng pages were omitted, 
and the entries were recommenced on the right-hand column of the fifth 
or sixth page. 'Ihis further insured a break in any contiui ty that might 
have prevailed. After averaging, the resulting figure was rounded off 
to the nearest whole figure in the usual manner. 
· 'lhe ordinate of the graphs was arbitrarily divided into 24 sidereal 
hour intervals. The plot was made by having the first point of each 
graph begin at the same sidereal time as the corresponding of ~liller•s 
curves, and extend approximately the same distance to the right in. equal 
steps. Data giving the average points is given on the following page. 
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Data For Third Run Graphs 
Graph IB Graph IIB Graph IIIB Graph IVB 
Point Vel. Az. Vel. Az. Vel. ~ Vel. Az. 
1 59.2 ., 49.9 53.3 48.2 59.8 54.8 45-.6 48:.5 
2 70.2 47.0 40.4 53.6 38.1 57.0 46.4 50.6: 
3 66.7 56>.4 43.3 53.3 56.8 53.9 44.5 49.0 
4 · 52.1 63.6. 50.3 65.6 59.4 33.8 6~.2 42.3 
5 57.2 57.2 53.7 46.6 47.9 56.6 48.8 6.0.8 
6 55.8 . 38.5 56.6 45.6 46.9 35.6 50.8 42.1 
7 58.3 47.3 54.4 56.9 54.0 32.4 52.5 47.3 
8 48.8 26.5 58.0 28.8 44.4 43.0 55.0 48.0 
9 54.2 66.8 37.3 52.3 61.0 56.3 51.1 49.5 
10 49.5 64.1 47.6 45.2 53.3 30.4 46.4 42.6 
11 49.6 61.3 54.5 51.4 60.8 55.3 61.9 52.1 
12 53.5 43.4 67.2 37.1 43.7 30.4 43.5 
13 52.0 60.9 55.5 51.1 63.9 52.5 
14 58.4 71.'7 56.2 52.6 43.4 57.& 
15 44.1 53.5 52.3 66.9 47.0 41.7 
16 69.7 36.1 51.6 32.6 50.7 40.9 
17 50.4 53.8 51.9 56.8 49.7 39.7 
18 40.7 36.4 40.8 41.2 45.5 59.0 
19 45.1 37.1 49.2 56.4 
20 67.7 59.1 68.8 45.4 
21 56.8 3?.9 38.1 
22 54.8 
31 
Altogether these eight curves have 143 individual points representing 
the average of 10 "observations" tor each point, With a total of 1430 
separate "observations" tor the set. This is a fairly large sampling, 
though not nearly so large as the number of readings contributing to 
Miller's curves. 
An examination of the curves themselves shows that the dispersion 
ot the points has been substantially reduced, and they cling more close-
ly to a mean than any of the previous trial curves. In this respect, 
like Dr. Goudsmi t' s curves obtained tram random numbers extracted tram 
•• the Kohler logarithm tables, they resemble Miller's curves which are 
reproduced in Figure 4 of this paper. The effect of taking the average 
ot a larger number of entries tor each point has been to reduce the ex-
tent of the excursion of each point tram the mean. It is, however, very 
fmportant to note that the number of oscillations about the mean are 
much the same as those of the previous sets of curves. 
Having predetel'Dlined that the upper curve, however it should appear, 
shall be considered the plot of velocity magnitude against sidereal time 
tor each epoch, bias was eliminated in that a particularly fortuitous 
configuration was not to be selected tor azimuth where less dispersion of 
points is desirable. ~ t abulation of velocity maxima and minima with the 
sidereal times at which they occur has been prepared and is shown on the 
following page. 
It is evident from the curves and the tabulation that the separation 
between maximum and minimum velocities is in no instance reasonably close 
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Tabulation of Graphs m: - IVB 
Velocity vs Sidereal Ttme 
Upper Graph Epoch Max e 
max 
l'Iin 6
min A i 
IB Feb. 8 7.0 24h (j1l 41 20h (j1l 4h (jil 
70 18 30 1 30 
IIB Apr. 1 67 13 45 37 10 0 3 45 
IIIB Aug.l 61 2l. 15 38 3 45 17 30 
IVB Sep. 15 64 15 0 30 1.5 45 l 15 
Mean: 66.4 36.5 
Probable error: t. 7.8 t. 8.1 
% error: ll.7% 22.8% 
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to the required six or twe~ve hour interval. This single fact is 
sufficient to render the curves use~ess in establishing an apex of 
cosmic velocity with even modest consistency between the four sets. 
Furthermore, the percentage of error at 11.7% for the maximum v~ue, 
and 22.8~& for the minimum is much greater than the 3% error for the 
velocity given by V..i.~ler. 
Regarding the ~ower graphs which have been designated as azimuth 
,-
curves ~ror each epoch, the conditions imposed on the configuration of 
the curves is more severe. F.rom considerations of the nature of the 
ether-drift experiment, it should be possib~e to rr£ke an independent 
determination of the right ascension and declination of the apex of 
cosmic motion from the curve of the azimuth of the ma::Dmum observed 
velocity. If S = f, then the azimuth crosses the meridian twice in 
each day at times separated by twelve sidere~ hours. If f -= 1 , 
the azimuth of the maximum observed velocity must cross the meridian 
but once. It is evident from an examination of the lower curves of 
Graphs IB through IVB that the number of close~y spaced oscil~ations 
of the curve does not permit the selection of any particular point or 
points as definitely crossing a meridian regardless of where a mer-
idian line may be placed. Thus the azimuth curves are even less satis-
factory than those for velocity in determining an apex for the cosmic 
motion. 
As a convenient reference, and for purposes of comparison, ~liller's 
curves and data are included in this section following Graphs IB - IVB. 
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Miller's Data 
'nle data given in the tables below and the curves of Figure 4 
l 
are taken directly from Miller's published report • Together they 
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represent the final results and tabulation of his ether-drift exper-
iments consisting of three hundred and sixteen sets of observations 
made at Mount Wilson in 1.925 and 1926. 'Ihe symbols o(...Mag and f -Mag 
indicate values obtained from the magnitude curves, whUe the symbols 
o<-Az and f'-Az indicate values obtained from the azimuth curves; 
here e><. and f are right ascension and declination respectively. At 
Mount Wilson the latitude is stated to be t 34° 13' which is intro-
duced into the calculations. It should be noted that "simple arbit-
rary running averages for determining twenty equally spaced points on 
2 
each curve" have been used and are marked by heavy points connected 
by heavy lines in each curve. 
Table I Right Ascension of Apex 
Epoch o<. -Mag "'-Az Mean 
North South 
Feb. 8 18h 0m 18h 0m 18h 0m 6h om 
Apr. l 15 15 16 10 15 42 3 42 
Aug. l 15 45 16 10 15 57 3 57 
Sep. 15 17 5 17 0 17 3 5 5 
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Table II Declination of Apex 
Epoch Mean 
Feb. 8 t 79° 35' .;. 75° 19' t 77° 27' 
-
Apr. 1 t 78 25 t 75 12 t ?a 48 
- -
Aug. ~ t 67 30 t 62 4 t 64 47 
Sep. 15 t 61 40 .;. 62 28 t 62 4 
Table III Velocities and Displacements 
Epoch Velocity ~ : 5700 A 
Feb. 8 9.3 km/sec. 0.1.04 1--
Apr. 1 10.1 0.123 
Aug. 1 ll.2 0.152 
Sap. 15 9.6 o.uo 
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Figure 4. Miller's Curves for the Mount Wilson Experiments 
4:1. 
CONCLUSION 
The results of the experiment with random numbers do not support 
the contention that an ether-drift effect approximately like that ob-
tained by Miller can be realized from curves drawn from random numbers. 
It was found that all curves oscillated too frequently about a mean to 
pexroit a proper calculation of the apex of cosmic motion. The essence 
of each curve from which a determination of right ascension of the apex 
of cosmic motion is to be made is that one, two, or three points be 
definitely spaced in sidereal time from each other regardless of whether 
the curve is designated for azimuth or velocity. It was not possible 
to select the required points from any of the curves derived from ran-
dom numbers. 
In order to ascertain whether the numbers selected from the telephone 
directory were indeed random, a statistical comparison test was performed 
with a standard table of random numbers. This test is detailled in Ap-
pendix IV. It was found that no significant difference existed between 
the sample taken from the telephone listings and the sample taken from 
the random number table. 
Vfuile it was found that averaging a large number of individual 
readings for each point of a curve produced a "smoother" curve, the net 
effect was to reduce the extent of the fluctuations rather than the num-
ber of fluctuations about a mean for a given number of points of the 
curve. As the number of individual readings to be averaged for each 
point is made very large, the average obtained will, of necessity, ap-
proach closer to the mean value of the range of individual readings. 
Hence this process would eventually result in the plot of a straight 
line. Only a most unusual play of cha..11ce could produce a set of eight 
curves which would each contribute to the determination of a cosmic 
apex within a reasonable factor of error. 
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While the positive effect of ether-drift reported by !tiller poses 
rather perplexing questions, the weight of evidence confirming the theory 
of relativity continues to increase. Astronomers have found a more pre-
cise determination of the orbit of the planet Mercury, have observed the 
bending of light by gravitational fields, have described the behavior of 
double stars, and have satisfactorily explained a wide range of celestial 
phenomena by means of the theory of relativity. In microphysics, nuclear 
fission has verified the theory in a rather spectacular manner. On the 
other hand astronomers have shown no inclination to discard the concept 
of solar motion having as an apex----Right ascension 270 degrees, Decli-
nation plus 34 degrees, and a velocity of about 19.5 ~ per second in 
favor of 1filler's findings. An intriguing text from which the foregoing 
info:rmation was taken, "Radio Astronomy" by B. Lovell, and J. A. Clegg 
(John Wiley and Sons, New York, 1952) demonstrates that while new tech-
niques are being introduced into astronomy, the accepted direction and 
velocity of solar motion as derived from statistical analysis of the 
proper and radial motions of the stars has not been altered by Miller's 
experiment. · Thus the importance of Miller's work has diminished with 
the passage of time, and remains as a curiously unexplained experiment. 
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Inasmuch as Miller's ether-drift experiment does not appear to be 
the result of random readings, it would be extremely interesting if the 
scientific and technical advances of the past two decades could be en-
lis·!;ed to repeat the experiment. The recent developments in servo-mecha-
nisms, computers, recorders, photographic devices, and precision mea-
suring instruments could certainly result in the engineering of a re-
markable interferometer. By means of automatic controls and computers the 
tedious task of making observations and reducing them could be completed 
easily. In this way, the advantages of a great number of readings could 
be incorporated with great precision; this mi~1t possibly produce a 
conclusive answer to the problem of Miller's ether-drift experiment. 
APPENDIX I 
Ll!.~TER FROM DR. S. A. GOUDSMIT TO TEE AUTHOR 
BROOKHAVEN NATIONAL LABORATORY 
ASSOCIATED UNIVERSITIES, INC. 
Mr. David A. Sokolov 
14 North Russell Street 
Boston 14, Massachusetts 
Dear Mr. Sokolov: 
UPl'ON, L. I., N. Y. 
J'anuary 23rd, 1950 
I .now have a moment to give you a little mora information about D. 
c. Miller's expel'Lments. I enclose herewith some .notes which were writ-
ten i.n connection with the colloquiam. t~, referred to by Dr • .Ahonen. 
1~ main objection to l~ller1 s work is his confidence in statistics 
as bei.ng superior to doing better measurements. On page 240, in the 
right-hand column, Miller writes: WWhile the interferometer used by 
Kennedy is more sensitive than that of' ordinary type, it is doubtful 
whether the precision of the result equals that obtained from the very 
large number of readings made under all conditions of temperature and 
season with the interferometer of the usual type whic~ is much less sen-
sitive to disturbing causes". And, further down, another quotation, Wit 
is believed that any lack of' precision in making a single reading is 
fully compensated by the large number of readings ••• tt It was these 
statements which made me suspicious of the soundness of the analysis. 
:d.i 
I have not made a detailed study of the data but note, for instance, 
that Miller is using the dangerous device of a "running average", which 
means he has taken the average of consecutive observations in overlap-
ping regions. (Fig. 22}:. I do not belive that this is explained in the 
paper but it was communicated to me by D. c. Miller, himself, in a let-
ter which, unfortunately, has been lost. 
What I did with the logarithm table in order to obtain curves very 
similar to those of Figure 22, is the following: I took page 221 of 
Kahler's logarithm table, which I believe is available in all old libra-
ries. (My edition is dated 1898 but as far as I know, the plates haven't 
been changed since the original edition of 1847). On this page is a ta-
ble of the logarithms of all prime numbers from 2 to 1811, g1 ven to 11 
places. 
For each entry in a column of 20, I added the 5 last digits and 
treated this as if it were a single observation. These numbers range 
from 0 to 45 and fluctuate quite a bit around the mean. However, a nice 
smooth curve is obtained if one takes a simple running average. That 
means, I plotted the average value of entry l and 2, next 2 and 3, next 
of 3 and 4, · and so on. The curves obtained that way are very similar to 
the heavy points of Figure 22 in :Miller's observations. 
It is, of course, obvious that a running average introduces con-
tinuity and correlations which are not present in the original observa-
tions. In fact, if you read Miller's paper carefully the number of 
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corrections and reductions is very great. I feel certain that if the 
analysis is done with the very original readings, that no favorable re-
sult can arise, the probable error being of the same order as the obser-
vation, itself. 
Since the harmonic analysis is based on such running averages, I 
have very 11 ttle confidence in the reliability of the results. I still 
believe that if a physicist needs to use statistics to prove that he is 
right -he's usually wrong. 
I hope that this information is of some use to you. I will be gl.ad 
to help you further, but this is about all I can remember. 
Enclosure 
Sincerely yours, 
(S) s. A. Goudsmit 
s. A. Goudsmi t 
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.APPENDIX II 
MISUSE OF '!HE THEORY OF ERRORS 
s. A. GOUDSMIT 
In many textbooks on physics or other experimental sciences one 
may find a short discussion of the theory of errors which often leads 
to a misunderstanding of its applicability. It is erroneously "believed 
that the lack of precision in making a single reading is fully compen-
sated for by the large number of readings,• and that therefore the accu-
racy can be indefinitely improved. 
For example in the excellent text on the "Foundations of Physics• 
l 
by Lindsay and M.argenau appears the following statement: 
"The probability that the mean of a series of observations be the 
true value of the measured ~uantity grows with the s~uare root of the 
number of observations.• 
Several years ago an anecdote, which I believe was due to the as-
tronomer Kapteyn, illustrated how it was possible to obtain the height 
of the e~eror of China within l/1000 of an inch by merely asking the 
400,000,000 inhabitants of that co~ untry to estimate his height and to, 
apply the usual formula for the probable error to the results. The com-
mon criticism is that the mean value obtained in this manner has nothing 
to do with the height of the emperor and that the probable error only in-
dicates that another census has a 50% chance to yield the same answer 
w1 thin this error. Leaving aside whether this is ~ui te correct we are 
not helped at all by this interpretation because we wish to know how ac-
curately we did determine the height of the emperor. 
We quote next from the very useful little book on "P'robability and 
2 
P..andom Errors" by W. N. Bond 
" ••• The length of a rod was measured 70 times, the rod being 
each time placed in positions at random and the readings of 
the two ends estimated to the nearest 1/10 of a scale divi-
sion (one observer reading one end and a second observer read-
ing the other). The results were as follows: 
1 occasion, 14.2 scale divisions long 
32 occasions, 14.3 scale divisions long 
37 occasions, 14.4 scale divisions long 
Arithmetic mean 14.344 scale divisions. 
(The reading o~ 14.2 was evidently due to a fault in not 
estimating to the nearest l./10 scale division.) ••• The 
'probable error' is 0.004 scale divisions. Hence the com-
puted length is 
14.344! 0.004 scale divisions. 
The length when measured more accurately, using extra ap-
paratus, was found to be 14.342. The difference between the 
two results (viz. 0.002) may be compared \n th the estimated 
error (t.o.004}." 
This example suggests the strange conclusion that it is not necessary to 
use "extra apparatus" if one has many assistants available to perform 
the measurements. This view is emphasized even more explicitly in Volume 
III of the Eandbuch der Physik: 
"One sees that it is about the same for the precision of the 
arithmetic mean whether 20 or 30 measurements are made. By 
increasing the number of obser~ations the result becomes more 
accurate but only very slowly. It is better to choose a finer 
method of measurement and a more accurate instrwn.ent than to 
increase the observations excessively."3 
This quotation almost makes us believe that the principal reason for the 
construction of high precision apparatus is to save time. 
It is unfortunate that r~ experimenters determine the precision 
xvi 
of their results by blindly applying the for-mulas of the theory of 
errors. This often explains why later measurements show that the er-
ror as given in older observations was grossly underestimated. There 
are even cases where the author claimS a high precision for his results 
solely on the basis of having taken a very large number of readings. 
Recent work on radioactivity has again familiarized physicists with for-
mulas for "statistical fluctuations" and the experimental error is often 
merely giv~n as ~' being the number of particles observed. 
When a ruler is divided into scale divisions of about 1 mm. the pre-
cision of a set of measurements can be at best 1/10 of a division no 
matter how large the number of observation ••• fringes to 1/10 of their 
width, one cannot draw reliable conclusions concerning effects which pro-
duce a much smaller displacement. There is a limit to the precision with 
which the curvature of a cloud chamber track can be measured, and in-
creasing the number of tracks cannot improve this. In every experiment 
this limit of accuracy of a single reading depends upon the design of the 
apparatus and the skill of the observer. The mathematical. theory of er-
rors applies only to fluctuations in the measurements which are large, 
compared with the limiting accuracy of each reading. For instance, the 
effect of the Brownian motion of a sensitive galvanometer can be elimi-
nated by taking the mean of several readings but the precision can never 
exceed that of a single reading. The value of this precision must be 
judged by the experi.rnenter and can of course not be determined by ma-
4 
thematical methods. Altogether too much calcu~ating is sUbstituted for 
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a critical analysis in many such cases. An extreme example is a for-
5 
mula proposed by L. Silberstein to represent the freq_uencies of the 
HeliLun spectrum. To answer his critics Silberstein calculated that ex-
cellent agreement with the observations had only a probability of 1.7 
-13 
x 10 of being fortuitous, "small enough to discard every suggestion 
of the play of blind chance.• Nevertheless Silberstein's for.mula is 
without any meaning. This and other examples seem to show that when-
ever an author needs to use probability to prove that he is right, he is 
generally wrong. 
********************** 
1. wFoundations of Physics" by R. B. Lindsay and Henry Margenau 
2. "Probability and Random Errors• by Vf. N. Bond, London 1935, p.37 
3. K. Mader, •Ausgleichungsrechnung, • Handbuch der Physik, Vol.III 
4. The incorrect use of correct mathematics is q_uite common out-
side the field of physics. There is for example the usual mathe-
matical proof that gambling is bad because the odds are usually a-
gainst the gambler. That the value of money is not proportional to 
the amount but may depend in a co.n:g;>licated non-mathematical way upon 
the economic position of the gambler is entirely disregarded. Nei-
ther the ethical nor the psychological aspects of gambling, which 
are more important than the mathematical side, can be considered in 
such a "proof•. There is also the e~ection system which I prefer to 
call "Proportional Misrepresentation. • Though perhaps better than 
lilBllY of the systems in use at present, it is based on the oversimpli-
fied assumption that "representation" can be measured and thus sub-
jected to algebraic treatment. There exists an unfortunate general 
confidence in everything that uses a scientific method; the results 
are considered as ~athematical truths• and thus cannot be wrong. 
5. Ludwik Silberstein, Nature III, 46 ( 1923). 
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.APPEi.'IDIX III 
The apex of the absolute motion of the earth in space is located 
upon the celestial sphere in terms of declination, r ' and right ascen-
sion, o(, in keeping with common astronomies~ practice. Here points N 
and S are the North and South celestial poles respectively. The great 
circle A~T.c.B is the celestial equator. The curve CWD describes the annual 
path of the sun and is termed the ecliptic. At the vernal equinox, the 
ecliptic crosses the celestial equator at W which is known as the first 
point of Aries. At the autumnal equinox, the ecliptic crosses the celes-
tial equator in the first point in Libra. Right ascension is measured 
from the first point in Aries as zero easterly along the celestial equa-
tor in 24 equal intervals or sidereal hours. Thus the right ascension, 
o(, of the point x lying on the meridian NXYS in the figUL~ is the angle 
WOY which is expressed in hours, minutes, and seconds counting eastvmrd 
from the point W. 
The declination, ~ , of the point x in the figure is the angle 
XOY between the point x and the celestial equator. This is expressed in 
degrees and fractions of degrees and is taken positive for the northern 
hemisphere and negative for the southern hemisphere. The north pole, N, 
is trucen as + 90 degrees while the south pole, s, is taken as -90 degrees. 
By means of right ascension and declination an apex of cosmic motion may 
be specified. 
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.APPENDIX IV 
As a test of the randomness of the figures contributing to the curves 
of the synthetic ether-drift experiment, a standard statistical analysis 
was made upon them. For this purpose a sample of one hundred two-digit 
figures was taken using the last two figures of consecutive four-fi gure 
entries of the telephone director,y listing used for the ether-drift charts. 
A comparison and control sample was also drawn from a table of random 
1 
numbers • For simplicity this work is presented in a form commonly used 
in statistical ~uality analysis. 
Cell intervals of 5 were selected since the range of numbers was 
from 0 to 99 and a spread of 20 cells is considered ade~uate for indica-
ting the for.m of a distribution. Each entr,y is placed in the cell nearest 
its value and the fifth member of each cell is indicated by crossing of 
four markers. A visual inspection of the telephone director,y and random 
table distributions on the following pages shows them both to be very 
nearly rectangular in form distributions. In other words the populations 
are eypro:x:imately uniform throughout the cells in both cases. This simi-
larity in for.m of distribution between the telephone directory sample and 
random table sample is a prime reason for believing both samples are drawn 
from a random "universe". 
A tabulation of each distribution is given in columns to the right of 
the distribution. For convenience in calculating, a reference of zero 
is taken at the 45 cell and the cells are normalized to weights of one. 
Negative values proceed up from zero and positive values proceed do\~ from 
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zero. The symbol ~ designates the number of members of eaeh cell and x 
designates the weight of the cell. The meaning of !..,_ and i7-2.is implicit. 
The statistical meaning of the distributions is summarized in the 
blocks at the foot of each page of the analysis. Here x is the average 
value and tr is the standard deviation. A is the center value taken as 
45 and M is the cell interval taken as 5. The first three equations of 
the block comprise preliminary steps necessary for obtaining the standard 
2 
deviation and are explained in basic texts on statistics. 
The actual mean of a set of random numbers between 0 and 99 is 49.5. 
The random number table with a mean of 52 and the telephone directory with 
a mean of 46 have a difference of 2.5 and 3.5 respectively. This slight 
difference greater and less than the actual mean does not appear to be 
significant. 
The standard deviations of both samples are found to be almost iden-
tical. Three standard deviations greater and three lesser than the mean 
comprise 99.73% of the population of the universe from which a sample is 
taken provided the distribution is normal. In the case of the random 
table this is 52-\-81.6 :::133.6 and 52 - 81.6= - 29.6. Since the range of 
random numbers is knovm to be from 0 to 99, this is obviously absurd and 
proves that the distribution is rectangular. A similar result is obtained 
with the standard deviation of the telephone directory sample. 
Summing up, it is found that a sample of figures taken from the tele-
phone directory and a sample taken from a table of' random numbers shows 
distributions, and minor differences in mean and standard deviation. 
xx:iii-a. 
Further.more both samples show nearly identical results when tested sta-
tistically for rectangular distributions. This establishes the fact that 
both samples derive from a universe of random numbers. 
******************************* 
1. "Industrial Q.uali ty Control" 1 Volume IX, No. 1, July 1952 
2. "Q.uali ty Control Handbook", Duran, J. M., McGraw-Hill, New York 
City, 1951 
"Statistical Q,uality Control", Grant, E. L., McGraw-Hill, New York 
City, 1946 
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• 
• 
Notwithstanding the many and critical examinations directed at 
I 
Hillers experiment, the consistency of the results and the apparent 
accuracy of the conclusion have not been successfully refuted to this 
day . 
A possible explanation v.ras suggested by Dr. S. A. Goudsmi t in a 
letter to the author in 1..rhich it ';.ras suggested that the Miller observations 
I·Jere sj_mply a series of random numbers. The aut.hor expanded upon this 
idea by setting up a synthetic ether-d±ift experiment by charting ether-
drift observations from a ra.<dom number so-lrrce. It was desired to t est 
whether this method would yield a series of determinations of the cosmic 
motion of the earth comparable in consistency with Hiller~ published re-
sults. 
The experiment 1-ili th random mnnbers yielded curves v.lhich were too 
irregular and erratic to extract any sort of reasonable computation of 
ether-drift. Three separate runs u-rere made and in each case it was 
found t hat no consistent evaluation of the cosmic motion of the earth 
could be deterntined, although the curves bore a superficial resemblance 
to curves presented by Hiller i n his published report. 
In view of the nearly universal acceptance and application of the 
I 
theory of relat ivity , the importance of Millers Hark and conclusion has 
diminished 1nTi th time. It would be interesting, hovmver, to repeat the 
ether-drift experiment taking advantage of advanced techniques to utilize 
a large nmnber of · precise observations easil y computed by automatic 
machines. In this way the precision of those experiments contradicting 

